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a b s t r a c t
Misidentiﬁcations are a common phenomenon in unfamiliar face processing, but little is known about
the underlying cognitive and neural mechanisms. We used the face identity-sensitive N250r component
of the event-related brain potential as a measure of identity-sensitive face matching process in visual
working memory. Two face images were presented in rapid succession, and participants had to judge
whether they showed the same or two different individuals. Identity match and mismatch trials were
presented in random sequence. On similar mismatch trials, perceptually similar faces of two different
individuals were shown, while two physically distinct faces were presented on dissimilar mismatch
trials. Misidentiﬁcation errors occurred on 40% of all similar mismatch trials. N250r components were
elicited not only in response to an identity match, but also on trials with misidentiﬁcation errors. This
misidentiﬁcation N250r was smaller and emerged later than the N250r to correctly detected identity
repetitions. Importantly, N250r components were entirely eliminated on similar mismatch trials where
participants correctly reported two different facial identities. Results show that misidentiﬁcation errors
are not primarily a post-perceptual decision-related phenomenon, but are generated during early visual
stages of identity-related face processing. Misidentiﬁcation errors occur when stored representations of a
particular individual face in visual working memory are incorrectly activated by a perceptual match with
a different face.
& 2015 Elsevier Ltd. All rights reserved.
1. Introduction
The recognition of facial identity is highly relevant in everyday
life, where many different faces are encountered, and have to be
identiﬁed quickly and reliably. To perform this difﬁcult task, the
human cognitive system has developed highly specialized face
processing structures and mechanisms (Diamond and Carey, 1986;
Gauthier et al., 2000, 1999; Schwaninger et al., 2003; Tanaka and
Curran, 2001). Humans are “face experts”, and face recognition is
believed to be an easy and effortless task. While this may be true
for familiar faces, the recognition of unfamiliar faces is surprisingly
poor and error-prone (e.g., Bruce, 1982; Burton et al., 1999; Ellis
et al., 1979; Patterson and Baddeley, 1977; Terry, 1993, 1994), even
in matching tasks with little demands on face memory (e.g., Bin-
demann et al., 2010; Bruce et al., 1999; Henderson et al., 2001;
Megreya et al., 2011; Megreya and Burton, 2006, 2007).
These performance impairments for unfamiliar faces compared
to familiar faces suggest qualitative differences in their perceptual
processing or memory storage. The fact that the repeated pre-
sentation of familiar faces facilitates familiarity judgments, while
no such repetition priming effects are observed for unfamiliar fa-
ces (Ellis et al., 1990, 1987) points towards differences in the way
that that these two types of faces are represented in memory. In
addition, familiar and unfamiliar face processing may already
differ during earlier perceptual encoding stages. Visual re-
presentations of familiar faces are assumed to be based on robust
and ﬂexible structural codes, while unfamiliar face representations
may primarily involve superﬁcial pictorial codes (e.g., Hancock
et al., 2000; Johnston and Edmonds, 2009). While pictorial codes
contain only image-speciﬁc information about a face, structural
codes contain those view-invariant visual representations that are
crucial for the detection of face identity (e.g., Bruce and Young,
1986). Such differences between image-dependent and image-in-
variant representational codes may explain why familiar face re-
cognition remains effective under conditions such as low image
quality, changes in lighting, different viewpoints, different facial
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expressions, or changed paraphernalia like beards, eye glasses, or
hats, whereas unfamiliar face recognition is strongly affected by
such interfering changes (e.g., Bruce, 1982; Bruce et al., 1999,,
2001; Burton et al., 1999; Diamond and Carey, 1977; Patterson and
Baddeley, 1977; Terry, 1994). If unfamiliar face recognition is
mainly based on image-dependent perceptual representations, it
is not surprising that misidentiﬁcations (or “false positives” in
terms of signal detection theory) are a common phenomenon
in situations where unfamiliar faces have to be identiﬁed. These
false positives can have serious consequences in legal and security
issues like eyewitness testimonies and passport checks, such as
the false identiﬁcation of suspects, the sentencing of innocent
defendants, or unauthorized persons passing border controls
(Bindemann and Sandford, 2011; Bruce et al., 1999; Burton et al.,
1999; Henderson et al., 2001; Kemp et al., 1997).
Because research has mainly focused on the mechanisms of
successful face recognition and their neural correlates, little is
known about the mechanisms that underlie the misidentiﬁcation
of unfamiliar faces. In the present study, we employed event-re-
lated brain potential (ERP) measures of face recognition to identify
the cognitive and neural processes that determine whether a
particular face is misidentiﬁed or not. Most previous ERP studies
on face processing have focused on the face-sensitive N170 com-
ponent that is triggered at lateral posterior electrodes between
140 ms and 190 ms after stimulus onset. Since the N170 is typically
not affected by familiarity (Eimer, 2000a; Gosling and Eimer,
2011), facial identity repetitions (Schweinberger et al., 2002;
Zimmermann and Eimer, 2014), or emotional expression (Eimer
and Holmes, 2002; Eimer et al., 2003), it has been linked to early
structural encoding of faces that occurs independently from the
analysis of expression and precedes the processing of facial iden-
tity (Eimer, 2000b). The earliest ERP marker of identity-related
face processing is the N250r component. The N250r is an in-
creased negativity at lateral posterior electrodes elicited in re-
sponse to the sequential presentation of faces with matching
identities, as compared to the sequential presentation of faces
with different identities. It usually peaks between 230–280 ms, is
often found to be larger over the right hemisphere, and is ac-
companied by a fronto-central positivity (Schweinberger et al.,
2004, 2002). This component is considered to reﬂect the transient
activation of short-term visual memory representations of a face
that has recently been encountered by the subsequent presenta-
tion of a face of the same individual (Schweinberger and Burton,
2003; Schweinberger et al., 2002). While the N250r is observed in
face repetition experiments, a similar N250 component has been
found in response to famous as compared to unfamiliar faces
(Gosling and Eimer, 2011), demonstrating that N250/N250r com-
ponents reﬂect the activation of both long-term and short-term
face memory representations. The observation that the N250r is
typically larger for repetitions of familiar as compared to un-
familiar faces (Herzmann et al., 2004; Herzmann and Sommer,
2007; Pfütze et al., 2002) suggests that face-speciﬁc memory tra-
ces may be activated more strongly for long-term representations
of familiar faces than for transient representations of previously
unfamiliar faces (but see Zimmermann and Eimer, 2014, for an
experiment ﬁnding no differences in N250r amplitudes between
familiar and unfamiliar faces).
Inverse dipole localization techniques have suggested that the
N250r component is generated in the fusiform gyrus (Schwein-
berger et al., 2002). A region within the fusiform gyrus (the fusi-
form face area, FFA) shows increased activation during the per-
ception of faces compared to the perception of other objects (e.g.,
Kanwisher et al., 1997). Although it has been argued that the FFA
might not be specialized for faces per se, but for individuation
within any object class of high expertise (Gauthier et al., 2000,
1999), there is evidence that the FFA is genuinely face-sensitive
(Rhodes et al., 2004; see also McKone, Kanwisher, and Duchaine,
2007, for a review arguing that the FFA is specialized for faces and
not for any object class of expertise). Individual faces are assumed
to be represented in a holistic manner in the FFA (e.g., Schiltz and
Rossion, 2006; Yovel and Kanwisher, 2005). According to the
neurocognitive model proposed by Haxby et al. (2000), face per-
ception and recognition are based on a distributed neural network.
The core system for the visual analysis of faces includes the occi-
pital face area (OFA) which is involved in the early perception of
facial features, the FFA that processes invariant aspects of faces,
most notably identity, and parts of the superior temporal sulcus
(STS) that are involved in the processing of changeable aspects of
faces (e.g., emotional expressions or lip movements). Consistent
with their model, Hoffman and Haxby (2000) found a stronger
activation in the FFA than in the STS during an identity matching
task, and the reverse pattern (stronger activation in the STS) when
participants performed a gaze matching task. Within this core
visual face processing system, the FFA appears to be the primary
area where visual information about individual facial identity is
processed and maintained, in line with its proposed role as the
neural generator of the N250r component (Schweinberger et al.,
2002).
As the N250r reﬂects the activation of visual memory re-
presentations of individual faces that are triggered by an identity
match with a currently seen face image, this component can
provide important new insights into the mechanisms that are re-
sponsible for the misidentiﬁcation of unfamiliar faces. Such mis-
identiﬁcations might arise whenever a particular face incorrectly
activates a stored visual representation of a different individual
face. In this case, N250r components should be observed for re-
petitions of two different faces on trials where observers in-
correctly report a face identity match. Alternatively, mis-
identiﬁcations may be generated primarily during later post-per-
ceptual stages of cognitive processing. If this is the case, an in-
correct activation of visual face memory by a non-matching face
would not be sufﬁcient to produce an incorrect report of a face
identity match, because this perceptual evidence can be over-
ridden by subsequent decision-related mechanisms. Therefore
N250r components will sometimes be observed also on trials
where two different faces are presented successively, and no
identity match is reported.
To test these alternative hypotheses, we conducted an experi-
ment where observers performed a sequential face matching task.
Two face images were presented in rapid succession (with sti-
mulus onset asynchronies of 600–700 ms), and participants had to
report on each trial whether these images showed the same or
two different individuals. Previous studies that employed similar
rapid sequential face matching procedures have found reliable
N250r components for face identity repetitions (Zimmermann and
Eimer, 2013, 2014). Because unfamiliar face matching is easy when
physically identical images are repeated on identity match trials
(Young et al., 1985), two different pictures of the same person were
shown on these trials. To increase the probability of mis-
identiﬁcations (i.e., incorrect reports of a face identity match on
trials where faces of two different individuals where shown), we
manipulated the similarity of the face pairs on identity mismatch
trials. On some of these trials, these two faces were obviously
different (dissimilar mismatch trials). On other trials, faces of two
different but similar individuals were shown (similar mismatch
trials). Similar mismatch trials were twice as frequent as dissimilar
mismatch trials and identity match trials, in order to be able to
compute separate ERPs for trials with misidentiﬁcation errors and
trials where two similar faces were correctly reported as showing
two different individuals.
On dissimilar mismatch trials, two randomly chosen faces from
a set of dissimilar faces were presented in succession. The choice
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of face pairs on similar mismatch trials was based on similarity
ratings between individual faces obtained in a separate pilot study
that was conducted prior to the EEG experiment with a different
participant sample. The face pairs shown on these trials where
those that were rated as being physically similar in this pre-study.
In other words, similarity between face pairs was deﬁned a priori,
and was not based on explicit similarity judgments during the EEG
study. This approach was chosen because we wanted to measure
ERP correlates of misidentiﬁcation errors under conditions where
participants performed an explicit identity matching task. Hence,
the present study focused on the electrophysiological correlates of
erroneous subjective perception of identity and not on the sub-
jective assessment of similarity.
In line with previous studies, clear N250r components were
expected to be observed for identity match trials as compared to
dissimilar mismatch trials. The critical question was whether
N250r components would also be elicited on similar mismatch
trials, and whether their presence versus absence on these trials
would be determined by participants incorrectly reporting an
identity match (misidentiﬁcation error) or not. One possibility is
that misidentiﬁcations of unfamiliar faces are the direct and in-
evitable result of an incorrect activation of a visual face memory
representation by a non-matching face image, and occur only
when such a representation is activated. In this case, N250r
components should be elicited on similar mismatch trials with
misidentiﬁcation errors, but should be entirely absent on similar
mismatch trials where participants correctly judged the two faces
to show different individuals. Alternatively, misidentiﬁcation er-
rors might be primarily or exclusively generated at post-percep-
tual decision-related stages. If this is the case, N250r components
should not differ systematically between similar mismatch trials
with correct and incorrect responses. Instead of being sensitive to
the subjectively perceived and reported presence versus absence
of an identity match, the N250r might simply reﬂect the degree of
physical similarity between face pairs (see Cooper et al., 2007;
Schweinberger et al., 2002; for evidence that the N250r shows
some image-dependence). Because this similarity is larger on trials
where images of two identical individuals are shown than on si-
milar mismatch trials, N250r components should be larger and/or
emerge earlier on identity match trials. However, if perceptual
similarity determines the N250r, this component should also be
elicited on similar mismatch trials as compared to dissimilar
mismatch trials, irrespective of participants’ perceptual reports. To
investigate whether the relationships between the activation of
visual face memory (as reﬂected by the N250r component), the
presence of misidentiﬁcation errors, and the physical similarity of
face pairs might be mediated by individual differences in face re-
cognition abilities, we correlated the pattern of N250r components
observed for individual participants with their performance in the
Cambridge Face Memory Test (CFMT; Duchaine and Nakayama,
2006).
In summary, if the activation of visual face memory re-
presentations in a sequential identity matching task, as reﬂected
by the N250r component, is directly responsible for correct or
incorrect judgments of facial identity, the N250r should be pri-
marily or exclusively sensitive to participants’ perceptual reports,
and be much less affected by the degree of physical similarity
between a face pair. If correct or incorrect identity judgments in
response to unfamiliar faces are primarily generated at later de-
cision-related stages, the N250r should mainly reﬂect physical si-
milarity rather than categorical perceptual identity judgments.
If an incorrect activation of visual face memory, as reﬂected by
N250r components on similar mismatch trials, produces mis-
identiﬁcation errors, this should have knock-on effects on sub-
sequent post-perceptual processing stages that are involved in
conscious face recognition. The explicit recognition of individual
faces is associated with a sustained broadly distributed positivity
that emerges around 350–400 ms after stimulus onset. This late
positive component (P600f; Gosling and Eimer, 2011) is similar in
its time-course and centroparietal scalp distribution to the P3b
component that is observed in many target detection tasks, and is
assumed to reﬂect the allocation of attention towards target ob-
jects (e.g., Folstein and van Petten, 2011). In previous ERP studies
of face recognition, P600f components were observed in response
to correctly identiﬁed famous faces (Eimer et al., 2012; Gosling and
Eimer, 2011), as well as to pre-experimentally unfamiliar faces that
served as targets in target/nontarget discrimination tasks (Par-
ketny et al., 2015; Tanaka et al., 2006). To assess how mis-
identiﬁcation errors affect post-perceptual stages where identity
matches between face pairs are explicitly recognized, we mea-
sured P600f components for identity match trials, dissimilar mis-
match trials, and similar mismatch trials with correct responses or
misidentiﬁcation errors. Clear P600f components should be pre-
sent on identity match trials as compared to dissimilar mismatch
trials, reﬂecting the explicit recognition of an identity repetition.
Critically, if misidentiﬁcation errors are due to an explicit classi-
ﬁcation of similar mismatching faces as being identical, larger
P600f components should also be observed on similar mismatch
trials where such errors occur relative to similar mismatch trials
with correct responses.
2. Method
2.1. Participants
Twelve paid volunteers (seven female) participated in the
present study. Their ages ranged from 25 to 40 (M¼30.4 years,
SD¼5.1). All participants reported normal or corrected-to-normal
vision and gave their informed consents prior to testing. All par-
ticipants were tested on the Cambridge Face Memory Test (CFMT;
Duchaine and Nakayama, 2006) prior to EEG recording in order to
assess their face recognition abilities. Scores ranged from 40 to 70
(M¼57.9, SD¼9.8), representing the broad range of face proces-
sing abilities found in the general population (Bindemann et al.,
2012; Russell et al., 2009).
2.2. Stimuli and procedure
Photographs of faces in a frontal view with neutral expression
were taken from the Color FERET Database (Phillips et al., 2000,
1998). Images were converted to greyscale and cropped by a
standardized procedure using Adobe Photoshop 6.0 (Adobe Sys-
tems Inc., San Jose, CA). Hair and ears were cropped using a curved
line positioned at the lower part of the forehead and the re-
maining parts of the facial outline were preserved (e.g., jawline,
cheekbones; see Fig. 1 for examples). The stimulus set included 16
target faces and 16 distractor faces. For each target face (eight
male, eight female), two different images of the same person were
employed, which differed in lighting and head orientation (see
Fig. 1). To generate trials where successively presented faces of two
different individuals are perceptually similar, each individual tar-
get face was paired with one similarity-matched distractor face.
The selection of these target-distractor pairs was based on the
results of a previous rating study, where eight participants rated
the similarity of 113 pairs of potential target and distractor faces
on a 7-point Likert-scale ranging from 1 (not similar at all) to 7
(very similar). From the 12 female and 12 male face pairs that were
rated as most similar, we chose eight female pairs and eight male
pairs to be the stimuli of the present experiment by excluding
those faces with facial hair or hardly removable hairstyles. The
selected target-distractor pairs received similarity ratings ranging
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from 3.63 to 5.13 (M¼4.21, SD¼ .44). One of the faces in each pair
was assigned the role of target face, and the other was employed
as a distractor face.
On each trial, two faces were presented centrally and in rapid
succession on a CRT monitor against a dark gray background at a
viewing distance of 100 cm, using the Cogent 2000 toolbox for
Matlab 2008b (MathWorks, Natick, MA). The ﬁrst face was pre-
sented for 400 ms, and the second face for 200 ms. Both were
separated by a jittered interstimulus interval ranging from 200 ms
to 300 ms. The intertrial interval between the offset of the second
face on the preceding trial and the onset of the ﬁrst face on the
next trial was 1950 ms. To avoid that particular facial features in
the two face images stimulated the same retinal regions, the ﬁrst
and second face differed in size (5.2°5.7° visual angle for the
ﬁrst face, and 5.7°6.2° for the second face. The experiment in-
cluded three trial types (160 match trials, 320 similar mismatch
trials, and 160 dissimilar mismatch trials). In match trials, two
different images of the same target face were presented. In similar
mismatch trials, one of the target faces and its associated simi-
larity-matched distractor face were presented. In dissimilar mis-
match trials, images of two randomly chosen target faces of the
same gender were presented (see Fig. 1 for illustrations of these
three trial types). The order in which the two face images were
presented on each trial was randomized. All 640 trials were pre-
sented in randomized order in 10 blocks of 64 trials. Each block
lasted approximately three minutes, with self-paced breaks be-
tween blocks.
Participants were instructed to judge on each trial whether the
two face images showed the same or two different individuals, and
to press the left button on a response pad to signal an identity
match and the right button for an identity mismatch. They re-
sponded with the index and middle ﬁngers of their preferred
hand. After each block, participants received feedback about their
reaction times but not about their response accuracy. They were
not informed that the goal of the experiment was to investigate
misidentiﬁcation errors, and that there were twice as many mis-
match trials with physically similar faces than dissimilar mismatch
trials. The experiment was preceded by a training block of 32 trials
that was identical to the subsequent blocks, except that face
images of four different individuals were shown that were not
used in the main experiment.
Fig. 1. Top panel: temporal parameters of stimulus presentation on each trial. Bottom panels: examples of different trial types. On each trial, either two pictures of the same
person (match trials), or two pictures of different but similar persons (similar mismatch trials), or two pictures of obviously different persons (dissimilar mismatch trials)
could be presented.
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2.3. EEG recording and data analysis
EEG was DC-recorded with a BrainAmps DC ampliﬁer (upper
cut-off frequency 40 Hz, 500 Hz sampling rating) and Ag-AgCl
electrodes mounted on an elastic cap from 27 scalp sites Fpz, F7,
F3, Fz, F4, F8, FC5, FC6, T7, C3, Cz, C4, T8, CP5, CP6, P7, P3, Pz, P4,
P8, PO7, PO8, Oz, P9, PO9, PO10, and P10 according to the extended
international 10–20 system. Horizontal electrooculogram (HEOG)
was recorded bipolarly from the outer canthi of both eyes. An
electrode placed on the left earlobe served as reference for online
recording and EEG was re-referenced ofﬂine to a common average.
All electrode impedances were kept below 5 kΩ. No additional
ofﬂine ﬁlters were applied. EEG was epoched ofﬂine from 100 ms
before to 600 ms after the onset of the second face of each pair. For
each EEG epoch, amplitude values were computed relative to a
100 ms baseline (ranging from 50 ms before to 50 ms after the
onset of the second face stimulus). Three steps of artifact rejection
were conducted. First, EEG epochs with activity exceeding760 μV
at FPz (indicating eye blinks or vertical eye-movements) were
rejected. Second, all epochs with activity exceeding 730 μV in the
bipolar HEOG channel (reﬂecting horizontal eye-movements)
were removed. Third, EEG epochs with activity exceeding 780 μV,
voltage steps of more than 50 mV/ms, or an activity of less than
0.5 mV for more than 500 ms at any other electrode were excluded
from further analyses. Overall, 5.7% of all trials were excluded.
After artifact rejection, EEG waveforms were averaged separately
for four types of trials (identity match trials and dissimilar mis-
match trials with correct responses, similar mismatch trials with
misidentiﬁcation errors, and similar mismatch trials with correct
responses). The average number of trials available for EEG aver-
aging for individual participants was 142 (SD¼18), 136 (SD¼13),
119 (SD¼50), and 175 (SD¼46), for these four trial types,
respectively.
Mean amplitude values were computed at lateral posterior
electrodes P7, P8, PO7, PO8, P9, PO9, PO10, and P10 and for two
successive N250r time intervals deﬁned relative to the onset of the
second face (early N250r: 220–250 ms post-stimulus; late N250r:
250–350 ms post-stimulus; see Neumann and Schweinberger,
2008, for a study that also employed two successive N250r mea-
surement windows). In addition, mean amplitudes were also
computed and analyzed for the N170 component (measured from
160–190 ms post-stimulus). Furthermore, mean amplitudes of the
P600f component were computed and analyzed at parietal midline
electrode Pz within a 400–550 ms post-stimulus time window.
Behavioral and ERP data were analyzed with repeated measures
ANOVAs. In cases of violations of the assumption of sphericity as
indicated by Mauchly’s tests, the Huynh-Feldt correction was ap-
plied. In order to preserve the transparency of the statistical de-
sign, we report uncorrected degrees of freedom together with
corrected p-values. For multiple comparisons across trial types
using paired t-tests, Bonferroni corrections were applied. The on-
set latencies of N250r components on match trials and similar
mismatch trials with misidentiﬁcation errors were compared with
a jackknife-based procedure (Miller et al., 1998). The jackkniﬁng
procedure estimates onset latencies from grand averages that are
computed from subsamples of participants where one participant
is successively excluded from the original sample. N250r onset
latencies were computed within a 200–300 ms post-stimulus time
window, separately for match trials and dissimilar mismatch trials
with misidentiﬁcation errors. Onset latencies were deﬁned relative
to an absolute onset criterion of 0.4 mV, and were compared with
paired t-tests, with t-values corrected according to the formula
described by Miller et al. (1998).
3. Results
3.1. Behavior
Fig. 2 shows response accuracy (left panel) and reaction times
Fig. 2. Left panel: percentage accuracy as a function of different trial types. Right panel: reaction times in ms as a function of different trial types. Error bars depict the 95%
conﬁdence interval of the main effect (Jarmasz and Hollands, 2009). Asterisks indicate signiﬁcance levels according to Bonferroni-corrected post hoc comparisons (*¼po .05,
***¼po .001).
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(RTs) for different trial types. Participants failed to respond on 1.5%
of all trials, which were excluded from all further analyses. For
accuracy, a one-way repeated measures ANOVA revealed a sig-
niﬁcant main effect of trial type (match trials vs. dissimilar mis-
match trials vs. similar mismatch trials; F(2,22)¼53.6; po .001).
Accuracy was high and not signiﬁcantly different on match trials
and dissimilar mismatch trials (97.9% and 91.9%; t(11)¼2.3;
p4 .05). As intended, accuracy was much lower for similar mis-
match trials (59.9%), and differed signiﬁcantly both from match
trials (t(11)¼7.0; po .001) and dissimilar mismatch trials (t(11)¼
10.0; po .001). The high percentage of incorrect responses on si-
milar mismatch trials allowed us to analyze these trials separately
for correct rejections and misidentiﬁcation errors. Thus, all further
analyses were conducted separately for four different levels of the
factor trial type, as described in the Methods section.
For RTs, a one-way repeated measures ANOVA showed a sig-
niﬁcant main effect of trial type on reaction times (F(3,33)¼14.0;
po .001). Bonferroni-corrected post hoc comparisons showed that
RTs on match trials were faster than for correct responses (t
(11)¼4.0; po .05) and misidentiﬁcation errors (t(11)¼7.6;
po .001) on similar mismatch trials. RTs for correct responses on
dissimilar mismatch trials were signiﬁcantly faster than for correct
responses on similar mismatch trials (t(11)¼7.6; po .001). The
RT difference between correct responses on dissimilar mismatch
trials and misidentiﬁcation errors on similar mismatch trials ap-
proached signiﬁcance (t(11)¼3.1; p¼ .06). There were no reli-
able RT differences between correct responses on match trials and
correct responses on dissimilar mismatch trials (t(11)¼2.2;
p4 .05) or between correct responses and misidentiﬁcation errors
on similar mismatch trials (t(11)¼0.8; p4 .05).
3.2. Item analyses
To test whether some of the distractor faces consistently yiel-
ded misidentiﬁcation errors when paired with their associated
target face on similar mismatch trials, and whether other dis-
tractor faces were consistently associated with correct rejections
on these trials (reﬂecting systematic differences in overall physical
similarity between face pairs across different similar mismatch
trials), we conducted descriptive item analyses for each of the 16
different face images presented on similar mismatch trials.
Table 1 shows mean accuracy rates and corrected item-scale
correlations for these items. It is notable that items 6, 7, 8, and
9 yielded accuracy rates above 80% or below 20%, while accuracy
for the remaining 12 items ranged between 79% and 34%
(M¼52.7%), suggesting that the similarity between these items
and their associated face on dissimilar mismatch trials was parti-
cularly high or low. For this reason, we analyzed the ERP data both
with those four items included and excluded (see Section 3.3.2).
Corrected item-scale correlations ranged from .35 to .78, indicating
that performance for individual items was affected by a general
underlying factor (most likely participants' general face matching
ability), but that the rank order of participants across these items
varied considerably. To further illustrate the fact that participants’
identity judgments in response to identical face pairs differed
considerably across different similar mismatch trials, Table 1 also
reports the number of participants that consistently made mis-
identiﬁcation errors in response to a particular face pair (0% ac-
curacy); and of those participants who always judged this pair to
show two different individuals (100% accuracy), With the possible
exception of items 6 and 8, participants' responses to speciﬁc face
pairs were not uniform.
3.3. ERPs
3.3.1. N250r components – main analyses
Fig. 3 shows ERPs triggered at Fz (top left panel), at Pz (top
right panel), and at lateral posterior electrodes over the left and
right hemispheres (bottom panels) in the 600 ms interval after the
onset of the second face, separately for all four trial types. As
predicted, a clear N250r component was elicited for match trials as
compared to dissimilar mismatch trials. Critically, an N250r also
seems to be present on similar mismatch trials with mis-
identiﬁcation errors, although this component appears to be at-
tenuated and emerges later relative to the N250r on match trials.
The other notable observation is that there appear to be no ERP
differences between similar and dissimilar mismatch trials with
correct responses in the N250r time window, indicating that no
N250r component was present on similar mismatch trials where
face pairs were correctly judged to show two different individuals.
These informal observations were conﬁrmed by statistical
analyses that were conducted separately for the early and late
N250r time windows. For the early N250r (220–250 ms post-sti-
mulus), a repeated measures ANOVA with the factors trial type
(match trials/correct responses vs. dissimilar mismatch trials/cor-
rect responses vs. similar mismatch trials/correct responses vs.
similar mismatch trials/misidentiﬁcation errors), hemisphere (left
vs. right), and electrode site (P7/8 vs. PO7/8 vs. P9/10 vs. PO9/10)
revealed a signiﬁcant main effect of trial type (F(3,33)¼7.6;
po .001). Bonferroni-corrected post hoc comparisons showed a
reliable N250r component for match trials as compared to dis-
similar mismatch trials (t(11)¼3.4; po .05), and to similar
mismatch trials with correct responses (t(11)¼5.1; po .01). The
remaining four pairwise comparisons did not reach signiﬁcance
(all |t(11)|o2.8; all p4 .05), demonstrating that no reliable N250r
component was present during the early N250r time interval for
similar mismatch trials with misidentiﬁcation errors. Fig. 4 (left
panel) shows the scalp distribution of the N250r component
(computed by subtracting ERP mean amplitudes on dissimilar
mismatch trials from ERP mean amplitudes on match trials in the
220–250 ms post-stimulus interval). In the ANOVA, a signiﬁcant
trial type electrode site interaction (F(9,99)¼2.8; po .01), was
accompanied by a three-way interaction between response condi-
tion, hemisphere, and electrode site (F(9,99)¼2.1; po .05), reﬂecting
the fact that the early N250r on match trials was most pronounced
at more superior electrodes over the left hemisphere (P7, PO7), but
not over the right hemisphere.
A corresponding repeated measures ANOVA for the late N250r
time interval (250–350 ms post-stimulus) again revealed a sig-
niﬁcant main effect of trial type (F(3,33)¼38.9; po .001).
Table 1
Mean item accuracy rates and corrected item scale correlations for all 16 similar
mismatch trials presented throughout the experiment.
Item no. Mean ac-
curacy (SD)
Corrected
item scale
correlation
Number of par-
ticipants with
0% accuracy
Number of par-
ticipants with
100% accuracy
1 .36 (.29) .35 0 0
2 .66 (.31) .57 0 2
3 .46 (.31) .56 0 1
4 .79 (.27) .68 0 5
5 .29 (.31) .64 2 0
6 .94 (.14) .48 0 8
7 .83 (.19) .71 0 3
8 .91 (.12) .55 0 6
9 .17 (.27) .64 4 0
10 .38 (.29) .78 1 0
11 .73 (.26) .75 0 2
12 .77 (.20) .61 0 1
13 .59 (.37) .47 1 0
14 .48 (.27) .47 0 1
15 .34 (.28) .46 1 1
16 .76 (.26) .40 0 3
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Bonferroni-corrected post hoc comparisons showed a reliable
N250r component on match trials as compared to dissimilar
mismatch trials (t(11)¼7.0; po .001), and similar mismatch
trials (t(11)¼8.3; po .001) with correct responses. In addition,
and critically, there was now also a signiﬁcant N250r on similar
mismatch trials with misidentiﬁcation errors, both when com-
pared to dissimilar mismatch trials (t(11)¼3.8; po .05) and si-
milar mismatch trials (t(11)¼4.9; po .01) with correct re-
sponses. However, a direct comparison of ERPs on match trials and
similar mismatch trials with misidentiﬁcation errors showed that
N250r amplitudes were reliably larger on match trials (t(11)¼
6.8; po .001). There was no signiﬁcant ERP difference between
similar and dissimilar mismatch trials with correct responses
during the late N250r interval, (t(11)¼0.4; p4 .05), conﬁrming
that no N250r component was elicited on those similar mismatch
trials where participants correctly reported two different facial
identities. Fig. 4 (right panel) shows the scalp topographies of the
late N250r component on match trials (as compared to dissimilar
mismatch trials) and on similar mismatch trials with mis-
identiﬁcation errors (as compared to dissimilar and similar mis-
match trials with correct responses, respectively). N250r compo-
nents on match trials and similar mismatch trials with mis-
identiﬁcation errors were larger at inferior electrodes (P9, PO9,
PO10, and P10) than at more superior electrodes (P7, P8, PO7, and
PO8), as reﬂected by a signiﬁcant trial type electrode site inter-
action (F(9,99)¼4.5; po .01) in the ANOVA of ERP mean ampli-
tudes in the late N250r interval. While N250r components were
smaller in size on similar mismatch trials with misidentiﬁcation
errors relative to match trials, they showed a similar scalp dis-
tribution on both types of trials. This was conﬁrmed by an addi-
tional ANOVA that compared late N250r mean amplitudes on
match trials and on similar mismatch trials with misidentiﬁcation
errors. There were no reliable trial typehemisphere, trial
type electrode site, or trial type hemisphere electrode site in-
teractions (all Fo1).
While the N250r component on match trials was reliably
Fig. 3. Grand-averaged ERPs for different response conditions at midline electrodes Fz and Pz (top panel) and at lateral posterior electrodes (bottom panels) in the 600 ms
interval after the onset of the second face. ERPs were averaged across lateral posterior electrodes of the left hemisphere (P7, PO7, P9, and PO9) and the right hemisphere (P8,
PO8, P10, PO10). The fronto-central positivity measured at Fz showed an exactly reversed pattern to the negativity measured at the lateral posterior electrodes. The P600f
component at parietal midline electrode Pz is largest for identity match trials, and is also present for similar mismatch trials with misidentiﬁcation errors.
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present both in the early and late N250r time window, the N250r
elicited on similar mismatch trials with misidentiﬁcation errors
was only found during the late N250r interval, suggesting that
N250r components emerged earlier on match trials. To provide
additional evidence for such an onset latency difference, we con-
ducted a four-way repeated measures ANOVA with the additional
factor time interval (220–250 ms vs. 250–350 ms). There was a
signiﬁcant main effect of trial type (F(3,33)¼25.0; po .001), and,
importantly, a signiﬁcant time interval trial type interaction (F
(3,33)¼24.3; po .001), reﬂecting the later onset of N250r com-
ponents on similar mismatch trials with misidentiﬁcation errors
relative to match trials. To test this latency difference more di-
rectly, we computed N250r difference waveforms for match trials
(by subtracting ERPs measured at lateral posterior electrodes on
dissimilar match trials from ERPs on match trials) and for similar
mismatch trials with misidentiﬁcation errors (by subtracting ERPs
for dissimilar match trials from ERPs for these misidentiﬁcation
trials), and averaged the resulting difference waves across both
hemispheres. We then compared the onset latencies of the N250r
component on these trials with a jackknife-based procedure, using
an absolute onset criterion of 0.4 μV (as described in the Section
2). This analysis revealed that the N250r component on match
trials emerged 221 ms post-stimulus, while the onset latency of
the N250r on similar mismatch trials with misidentiﬁcation errors
was 243 ms. This onset latency difference of 22 ms was statistically
reliable (tc(11)¼2.38; po .05).
As shown in Figs. 3 and 4, the lateral posterior N250r compo-
nent was accompanied by a positive deﬂection at more anterior
electrodes that also emerged earlier for match trials as compared
to similar mismatch trials with misidentiﬁcation errors, and was
absent for similar and dissimilar mismatch trials with correct re-
sponses. Analyses of ERP mean amplitudes at Fz in the early and
late N250r time windows conﬁrmed that this positive counterpart
of the N250r showed a very similar pattern as the posterior N250r
component. During the early N250r time window, ERPs on match
trials were reliably more positive than ERPs for the other three
trial types (all t(11)43.5; all po .05), which did not differ sig-
niﬁcantly from each other (all |t(11)|o0.4; all p4 .05). During the
late N250r interval, there was a signiﬁcantly enhanced positivity
for match trials and for similar mismatch trials with
misidentiﬁcation errors relative to similar and dissimilar mis-
match trials with correct responses (all t(11)43.8; all po .05),
which did not differ from each other (t(11)¼0.1; p4 .05). In ad-
dition, this positive anterior counterpart of the N250r was larger
for match trials as compared to similar mismatch trials with cor-
rect responses (t(11)¼6.0; po .001).
3.3.2. N250r components – additional analyses with reduced item
set
Because a subset of the face pairs shown on similar mismatch
trials was associated with either very low or very high prob-
abilities of misidentiﬁcation errors (see Section 3.2.), these parti-
cular pairs may have been relatively low or high in terms of their
perceptual similarity. To rule out the possibility that the N250r
differences observed between similar mismatch trials with mis-
identiﬁcation errors or correct responses (i.e., a clear N250r for the
former trials, no N250r for the latter trials) primarily reﬂect sys-
tematic differences in the perceptual similarity between individual
face pairs, we reanalyzed the N250r data after excluding the four
most extreme items (items 6, 7, 8, and 9; see Table 1). The results
of these additional analyses perfectly replicated the results found
in our main analyses. For the early N250r time window, the main
effect of trial type was signiﬁcant (F(3,33)¼6.8; p¼ .001). Bonfer-
roni-corrected post hoc comparisons conﬁrmed that an N250r
component was present for match trials as compared to dissimilar
mismatch trials (t(11)¼3.4; po .05). In contrast, there was no
early N250r component for similar mismatch trials with mis-
identiﬁcation errors (t(11)¼0.5; p4 .05). For the late N250r in-
terval, a main effect of trial type was again present (F(3,33)¼30.4;
po .001). Bonferroni-corrected post hoc comparisons revealed
that N250r components were elicited not only on match trials (t
(11)¼7.0; po .001), but also on similar mismatch trials with
misidentiﬁcation errors as compared to dissimilar mismatch trials
(t(11)¼3.3; po .05). As before, the N250r was larger on match
trials than on similar mismatch trials with misidentiﬁcation errors
(t(11)¼6.5; po .001), and there were no ERP amplitude differ-
ences between similar and dissimilar mismatch trials with correct
responses (t(11)¼0.5; p4 .05), demonstrating that no N250r was
elicited on similar mismatch trials where the presence of two
different face identities was correctly detected. Finally, the
Fig. 4. Left panel: scalp distribution of the difference in negativity between correct responses on match trials and on dissimilar mismatch trials in the early N250r interval
(220–250 ms). Right panel: scalp distributions of differences in negativity between correct responses on match trials and on dissimilar mismatch trials, between mis-
identiﬁcation errors on similar mismatch trials and correct responses on dissimilar mismatch trials, and between misidentiﬁcation errors and correct responses on similar
mismatch trials (from left to right) in the late N250r interval (250–350 ms).
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additional four-way ANOVAwith the additional factor time interval
again revealed a signiﬁcant time interval trial type interaction (F
(3,33)¼18.3; po .001), reﬂecting the fact that the N250r was de-
layed for similar mismatch trials with misidentiﬁcation errors re-
lative to match trials.
3.3.3. Impact of face learning on the N250r component
Since each individual face was presented multiple times, the
increased familiarity of particular faces in the course of the ex-
periment may have affected N250r components. To assess possible
effects of face learning on the N250r, we split the EEG-data in two
halves (blocks 1–5 and blocks 6–10) and conducted further ANO-
VAs comprising the additional factor experimental half. For the
early N250r time window, we found a signiﬁcant experimental
half trial type interaction (F(3,33)¼4.8; po .01). Post-hoc tests
revealed that this interaction was caused by differences in the size
of the early phase of the generic N250r between the ﬁrst and
second experimental half. Whereas the negativity difference be-
tween match trials and dissimilar mismatch trials with correct
responses was smaller (0.5 μV) and only approached signiﬁcance
after Bonferroni correction (t(11)¼2.4; p¼ .07) during the ﬁrst
half of the experiment, it was larger (0.9 μV) and signiﬁcant (t
(11)¼3.6; po .05) during the second experimental half. For the
late N250r time window, there were no signiﬁcant interactions
comprising the factors experimental half and trial type (all Fo2.0;
all p4 .05).
3.3.4. Correlations between N250r components and behavioral
measures of face recognition ability
An analysis of the relationship between participants' CFMT
scores and their behavioral accuracy on similar mismatch trials
revealed a trend towards a positive correlation, which did not
reach statistical signiﬁcance (ρ¼ .32; p4 .05). In order to in-
vestigate the relationship between the N250r component and in-
dividual face recognition ability, we correlated participants' in-
dividual CFMT scores with their individual N250r amplitudes in
the late N250r time interval (250–350 ms post-stimulus) for both
match trials and similar mismatch trials with misidentiﬁcation
Fig. 5. Scatterplots of the correlations between participants' CFMT scores and individual mean amplitude size of the generic N250r (top panels) and the misidentiﬁcation
N250r (bottom panels) in the late N250r interval. The solid line depicts the slope of the regression.
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errors relative to dissimilar mismatch trials. Since amplitudes at
adjacent electrodes are strongly intercorrelated, we averaged
amplitude values across the lateral posterior electrodes of the left
hemisphere (P7, PO7, P9, and PO9) and the right hemisphere (P8,
PO8, P10, PO10). Due to our small sample size, we used Spear-
man’s rank correlation coefﬁcient. Because the N250r is a com-
ponent with a negative polarity, negative correlations between
CFMT scores and N250r amplitudes reﬂect positive relationships
between high CFMT scores (i.e., good face recognition abilities)
and N250r amplitudes. Fig. 5 shows scatterplots illustrating the
relationship between participants’ CFMT scores and individual
N250r amplitudes over the left and right hemispheres for the
N250r on match trials (top panels) and the N250r on similar
mismatch trials with misidentiﬁcation errors (bottom panels).
There was a signiﬁcant correlation between N250r amplitudes on
match trials over the left hemisphere and CFMT scores (ρ¼ .61;
po .05). A trend in the same direction was also present for N250r
amplitudes over the right hemisphere, but was not signiﬁcant
(ρ¼ .49; p4 .05). Interestingly, N250r amplitudes on similar
mismatch trials with misidentiﬁcation errors were closely and
signiﬁcantly correlated with CFMT scores, both over the left
hemisphere (ρ¼ .71; po .05) and the right hemisphere
(ρ¼ .73; po .01). These correlations remained highly signiﬁcant
when N250r amplitudes on trials with misidentiﬁcation errors
were computed after excluding the four face pairs with extremely
good or poor accuracy rates (ρ¼ .83; po .001, and ρ¼ .79;
po .01, for the left and right hemisphere, respectively).
3.3.5. N170 components
As can be seen in Fig. 3 (bottom panels), there were no obvious
differences between trial types for the face-sensitive N170 com-
ponent that preceded the N250r. An ANOVA of N170 mean am-
plitudes measured during the 160–190 ms post-stimulus time
window obtained a signiﬁcant main effect of trial type (F(3,33)¼
3.7; po .05), but Bonferroni-corrected post hoc tests found no
reliable differences for any pairwise comparison between trial
types (all |t(11)|o3.2; all p4 .05).
3.3.6. P600f components
As expected, a late enhanced positivity (P600f component) was
elicited at Pz on identity match trials (Fig. 3, top right panel), re-
ﬂecting the explicit recognition of a face identity repetition. Im-
portantly, P600f amplitudes on similar mismatch trials with mis-
identiﬁcation errors were larger than on similar mismatch trials
with correct responses, but smaller than on identity match trials.
In an analysis of P600f mean amplitudes obtained during a 400–
550 ms post-stimulus time window, a signiﬁcant main effect of
trial type was obtained (F(3,33)¼15.2; po .001). Bonferroni-cor-
rected post hoc comparisons showed that P600f amplitudes were
signiﬁcantly larger on match trials as compared to dissimilar
mismatch trials (t(11)¼4.1; po .05) and similar mismatch trials (t
(11)¼6.9; po .001) with correct responses. Importantly, P600f
amplitudes on similar mismatch trials with misidentiﬁcation er-
rors were reliably larger than on similar mismatch trials with
correct responses (t(11)¼3.8; po .05). However, this mis-
identiﬁcation P600f component was smaller than the P600f
measured on trials where an identity match was correctly re-
ported (t(11)¼3.4; po .05).
4. Discussion
Misidentiﬁcations are a common phenomenon in unfamiliar
face recognition and matching (e.g., Bruce, 1982; Bruce et al., 1999;
Burton et al., 1999; Henderson et al., 2001). The aim of the present
study was to investigate the mechanisms underlying
misidentiﬁcation errors, using an ERP marker of early visual-per-
ceptual stages of face recognition. A face identity matching pro-
cedure was employed where two different face images of the same
or different persons were presented in rapid succession, and par-
ticipants had to judge whether each face pair showed the same
person (match trials) or two different individuals (mismatch
trials). On some mismatch trials, the two face images were clearly
different, while on others, they were perceptually similar to each
other. Accuracy was high on match trials, where the two face
images were nearly always correctly classiﬁed as showing the
same person. Similarly, an identity difference between face pairs
was correctly reported on more than 90% of all dissimilar mis-
match trials. In contrast, and as intended, participants' accuracy
was much lower on similar mismatch trials, where 40% of all face
pairs were incorrectly judged to show the same individual (mis-
identiﬁcation errors). To determine whether such errors are pri-
marily generated at a stage where representations in short-term
visual face memory are activated and compared to perceptual re-
presentations of a currently seen face, or at later post-perceptual
stages where decisions about identity judgments are made, we
measured N250r components on match trials and on similar
mismatch trials with correct and incorrect responses.
As expected, clear N250r components were found on match
trials where two faces of the same person were shown in suc-
cession as compared to dissimilar mismatch trials. This conﬁrms
previous reports that the N250r is triggered by repetitions of un-
familiar faces (e.g., Pfütze et al., 2002; Schweinberger et al., 2004),
even when face pairs are presented in rapid succession (Zimmer-
mann and Eimer, 2013, 2014). The N250r component on match
trials showed the typical scalp topography, with a negativity at
lateral posterior electrodes accompanied by a fronto-central po-
sitivity (see Fig. 4), was already reliable during a 220–250 ms post-
stimulus time window, and remained present during the sub-
sequent 250–350 ms time interval. Separate analyses for the ﬁrst
and second half of the experiment showed that the amplitude of
this generic N250r in the early 220–250 ms interval increased
during the experiment. The N250r is usually larger for familiar
compared to unfamiliar faces (Herzmann et al., 2004; Herzmann
and Sommer, 2007; Pfütze et al., 2002). Therefore, the increase of
the early N250r in the second experimental half might represent a
gradual familiarization of the stimulus faces.
The central aim of this study was to investigate whether an
N250r component would also be elicited on similar mismatch
trials, and whether the presence of an N250r on these trials was
determined by whether participants made a misidentiﬁcation er-
ror or correctly reported the presence of two different individual
faces. On trials with misidentiﬁcation errors, an N250r component
was clearly present. In contrast, no N250r was triggered on similar
mismatch trials with correct responses. This pattern of N250r re-
sults demonstrates that misidentiﬁcation errors for unfamiliar fa-
ces are closely linked to an incorrect activation of a visual face
memory representation of a speciﬁc individual face by a seen face
that is perceptually similar, but does in fact belong to a different
person. When such representations are activated (as reﬂected by
the presence of an N250r component on some similar mismatch
trials), misidentiﬁcation errors are made. In contrast, no mis-
identiﬁcation errors occur when the presentation of a particular
face does not activate a memory representation of a similar face of
a different individual (as shown by the absence of the N250r on
other similar mismatch trials). If misidentiﬁcation errors were
primarily or exclusively generated at stages that follow the acti-
vation of visual face memory where response decisions related to
the presence versus absence of an identity match are made, there
should have been no systematic differences between N250r com-
ponents on similar mismatch trials with correct or incorrect
responses.
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Even though N250r components were reliably present both on
match trials and on similar mismatch trials with misidentiﬁcation
errors, the misidentiﬁcation-related N250r was attenuated and
delayed relative to the N250r that was elicited in response to an
actual identity match. The N250r on match trials was already re-
liably present between 220 ms and 250 ms post-stimulus (at least
during the second half of the experiment), while the N250r on
similar mismatch trials with misidentiﬁcation errors only emerged
during the late N250r measurement window (250–350 ms post-
stimulus). The delay of the N250r on trials with misidentiﬁcation
errors was also conﬁrmed with an additional jackknife-based on-
set latency analysis, which showed that it emerged 22 ms later
relative to match trials (243 ms versus 211 ms post-stimulus). The
attenuation and delay of the N250r component on misidentiﬁca-
tion trials as compared to the N250r triggered by a successful
identity match is likely to reﬂect differences in the physical simi-
larity between the two successively presented faces between these
trials. Even though the face pairs shown on similar mismatch trials
were selected on the basis of their visual resemblance, and in spite
of the fact that two different face images were shown on all trials,
the degree of physical overlap between two images of the same
person was generally larger than the overlap between similar faces
of two different individuals. Some earlier studies have observed
larger N250r components for repetitions of the same face image
relative to repetitions of two different images of the same in-
dividual (Cooper et al., 2007; Schweinberger et al., 2002), sug-
gesting that the visual face memory activation processes reﬂected
by the N250r show some degree of image-dependence. However,
other recent studies from our lab (Zimmermann and Eimer, 2013,
2014) found that N250r components to identity repetitions were
not reliably different when faces were presented in the same view
or in two different views, indicating that the N250r is much more
sensitive to identity-related information than to repetitions of
low-level visual features.
These observations suggest that image-dependent pictorial
cues and more abstract representations of facial identity may both
contribute to the N250r component. This is consistent with the
idea that the N250r reﬂects the activation of picture-independent
face recognition units (FRUs; see Herzmann et al., 2004; Herz-
mann and Sommer, 2007; Pfütze et al., 2002; Pickering and
Schweinberger, 2003; Schweinberger and Burton, 2003;
Schweinberger et al., 2002), and that the activation strength of a
speciﬁc FRU is determined by the overlap with input provided by
structural encoding processes, which both includes view-centered
pictorial descriptions as well as view-independent representations
of a face (Bruce and Young, 1986). If this is correct, the delay and
attenuation of N250r components measured on similar mismatch
trials with misidentiﬁcation errors relative to the N250r elicited on
match trials is associated with image-dependent pictorial cues
(i.e., the higher physical similarity between two images of the
same person). In contrast, the presence of an N250r on trials with
misidentiﬁcation errors and the absence of this component on
other similar mismatch trials with correct responses reﬂect the
contribution of higher-level representations of facial identity. The
fact that N250r components emerged earlier and were larger on
match trials as compared to similar mismatch trials with mis-
identiﬁcation errors suggests that visual face memory re-
presentations were activated more rapidly and more strongly on
match trials. In line with this hypothesis, RTs were about 120 ms
faster on these trials relative to trials with misidentiﬁcation errors,
indicating that participants were more conﬁdent in reporting an
identity match on trials where two images of the same person
were shown.
It may still be argued that the presence versus absence of
N250r components on similar mismatch trials with correct versus
incorrect responses is also primarily due to differences in the low-
level visual similarities between the speciﬁc face pairs that were
shown on these trials. N250r components are elicited for those
face pairs that are highly similar to each other, and these pairs are
also likely to produce misidentiﬁcation errors. In contrast, other
less similar pairs of faces do not elicit an N250r and are correctly
judged to show two different individuals. To test this possibility,
we conducted additional N250r analyses for similar mismatch
trials after excluding faces that were consistently associated with
very high or low accuracy rates. These analyses perfectly con-
ﬁrmed the pattern of N250r results obtained in the main analyses
across all face images, demonstrating that the sensitivity of the
N250r to perceptual judgments about facial identity on similar
mismatch trials does not simply reﬂect differences in the physical
similarity between the face pairs shown on these trials, but in-
stead the presence versus absence of face matching processes that
result in the activation of identity-sensitive representations in vi-
sual face memory.
The observation that there were no differential ERP differences
in the N250r latency range between similar and dissimilar mis-
match trials where participants correctly reported the absence of
an identity match demonstrates that no N250r component was
elicited when two perceptually similar face images are judged to
show two different individuals. Interestingly, RTs were reliably
slower on similar as compared to dissimilar mismatch trials with
correct responses (see Fig. 2), indicating that participants were
more conﬁdent in reporting the presence of two different in-
dividuals when the two face images were clearly different. As
N250r components were entirely absent on both types of trials,
this observation suggests that decision-related processing stages
beyond visual face memory can affect performance in identity
judgment tasks. Deciding that two face images belong to different
individuals takes longer on trials where these two images are
perceptually similar, and this is the case even when no identity-
matching visual face memory representations are incorrectly ac-
tivated on these trials.
Further evidence for the involvement of post-perceptual ex-
plicit face recognition processes in the present face matching task
was provided by the P600f component (Fig. 3, top right panel). In
previous face recognition experiments, an enhanced positivity to
recognized target faces emerged around 400 ms after stimulus
onset at centroparietal midline electrodes (e.g., Gosling and Eimer,
2011; Parketny et al., 2015; Tanaka et al., 2006). In the present
study, a clear P600f component was triggered on trials where a
face identity match was correctly reported. Importantly, larger
P600f amplitudes were elicited on similar mismatch trials with
misidentiﬁcation errors relative to similar mismatch trials with
correct responses. This shows that the incorrect activation of vi-
sual face memory by non-matching faces (as reﬂected by the
N250r components) on trials with misidentiﬁcation errors had a
knock-on effect on subsequent stages of face processing, and ac-
tivated neural processes associated with explicit face recognition.
However, the P600f component observed on similar mismatch
trials where misidentiﬁcation errors occurred was smaller than
the P600f that was triggered on trials where an identity repetition
was successfully detected. This reduced size of the P600f compo-
nent on misidentiﬁcation trials relative to trials with correctly
reported identity repetitions is likely to reﬂect differences in par-
ticipants’ conﬁdence in their perceptual judgments between these
two types of trials. The amplitudes of late positive components in
target detection tasks are strongly affected by observers’ con-
ﬁdence with respect to the presence versus absence of a target
event, with larger positive components when conﬁdence is high
(e.g., Eimer and Mazza, 2005). In the present study, conﬁdence
may have been higher on trials where an identity match was
successfully detected than on trials with misidentiﬁcation errors
because matching visual face memory representations were more
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strongly activated on the former type of trials (as reﬂected by
earlier and larger N250r components). The fact that RTs were
much faster on identity match trials than on trials with mis-
identiﬁcation errors also suggests that participants were more
conﬁdent in their perceptual judgments where two images of the
same face were shown.
Individual face recognition abilities, as assessed by the CFMT
(Duchaine and Nakayama, 2006), were found to be correlated with
the size of individual N250r components on match trials and on
similar mismatch trials with misidentiﬁcation errors. High CFMT
scores were associated with larger N250r amplitudes to identity
repetitions, although this effect was reliable only over the left
hemisphere (Fig. 5, top panels). Since the N250r is an electro-
physiological marker of successful face identity matching pro-
cesses, it is plausible to assume that such processes are activated
more efﬁciently in individuals that are better at face recognition.
However, the same link between CFMT performance and N250r
amplitudes was also observed for the N250r on trials with mis-
identiﬁcation errors, and this effect was reliable over both hemi-
spheres (Fig. 5, bottom panels). This is surprising, as it is not im-
mediately obvious why good performance in a behavioral test of
memory-based face recognition should be linked to a stronger
erroneous activation of visual face memory on trials with mis-
identiﬁcation errors. The observation that there was a non-sig-
niﬁcant tendency for participants with high CFMT scores to com-
mit fewer misidentiﬁcation errors shows that this link is not
simply due to a better signal-to-noise ratio of the misidentiﬁcation
N250r for these participants. It is possible that the positive cor-
relation between CFMT scores and the size of the misidentiﬁcation
N250r is due to the speciﬁc demands of this behavioral test. Be-
cause face images in the CFMT are presented from different
viewpoints and with different levels of superimposed noise, per-
ceptual matching processes in visual working memory that lead to
high performance in this test need to be sufﬁciently ﬂexible in
order to not be disrupted by such task-irrelevant pictorial changes.
For participants with high CFMT scores, visual face memory
matching processes are highly ﬂexible across image changes, and
this ﬂexibility may have resulted in larger N250r amplitudes on
similar mismatch trials with misidentiﬁcation errors. This sug-
gestion needs to remain speculative at present, since the correla-
tion between good CFMT performance and misidentiﬁcation
N250r amplitudes was unexpected and will need to be explored in
future research.
Concluding, the present study has provided new insights on the
processes that are responsible for the misidentiﬁcations of un-
familiar faces by investigating their electrophysiological correlates.
Our results suggest that misidentiﬁcation errors are generated at
early stages of identity-sensitive face processing where a percep-
tual representation of a currently seen face is matched to a visual
representation of a particular individual face that is stored in face
memory. When the identity of two perceptually similar face
images showing two different individuals has to be judged, mis-
identiﬁcation errors occur if and only if an identity-matching
stored visual face representation is incorrectly activated.
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